ABSTRACT: The use of living mulch with legumes is increasing but the impact of this management technique on the soil microbial pool is not well known. In this work, the effect of different live mulches was evaluated in relation to the C, N and P pools of the microbial biomass, in a Typic Alfisol of Seropédica, RJ, Brazil. The field experiment was divided in two parts: the first, consisted of treatments set in a 2 x 2 x 4 factorial combination of the following factors: live mulch species (Arachis pintoi and Macroptilium atropurpureum), vegetation management after cutting (leaving residue as a mulch or residue remotion from the plots) and four soil depths. The second part had treatments set in a 4 x 2 x 2 factorial combination of the following factors: absence of live mulch, A. pintoi, Pueraria phaseoloides, and M. atropurpureum, P levels (0 and 88 kg ha -1
INTRODUCTION
The utilization of perennial herbaceous legumes as live mulches for the soil in orchards is expanding. The benefits of this practice with regard to soil protection and incorporation of organic matter were discussed by Monegat, (1991) . Among them, protection against the process of erosion, decreased impact of raindrops and water run-off, potential improvement in structure and decreased tillage operations can be pointed out as the main. Live mulching favors the process of nutrient cycling, weed control, and microorganism activity in the soil, among others. Even though different plant families can be used for this purpose, the legumes are important since they can supply nitrogen by means of biological fixation of N from the atmosphere (Monegat, 1991) .
The impact of live mulches on soil characteristics is still not known in detail. The incorporation of organic matter and the consequent soil enrichment could be a criterion for this. However, the great amount and variability in soil organic matter make its use as a quality indicator not very appropriate or insufficient, since the short-term variations that occur in the soil environment are not readily accompanied by the changes in total organic matter (Liang et al., 1998) . In addition, the dynamics of the total organic compartment of the soil is slow, which does not happen with the more labile compartments (Sparling et al., 1998) .
Conversely, the soil microbial biomass (SMB) has been utilized as a sensitive indicator of variations in soil organic matter (Costantini et al., 1995; Werner, 1997) as a result of modifications caused by agricultural practices such as the addition of manure (Simek et al., 1999) , and crop rotation (Linn & Doran, 1984; Anderson & Domsch, 1989; Insan et al., 1991; Ladd et al., 1994) . SMB has also been utilized to compare soil tillage systems, like no-till in relation to conventional planting (Vargas & Scholles, 1998) and soil organic management as compared to conventional management (Reganold, 1988; Werner, 1997; Swezey et al., 1998) , where higher values of microbial biomass were observed in systems that incorporate and maintain more organic residues in the soil (Granatstein et al., 1987; Character, 1991) .
SMB is crucial, since it is the compartment responsible for transforming soil organic matter, and for nutrient cycling, in addition to representing a potential source of N and P, among other nutrients (De-Polli & Guerra, 1999) . For this reason, SMB is the active fraction of soil organic matter, as it governs the nutrient dynamics in the soil, sometimes acting as a mineralization agent, sometimes as an immobilization agent, increasing or decreasing the availability of nutrients for the plants.
Even though the process of immobilization is sometimes considered as a negative aspect, under certain situations it could be interesting, since it is a temporary process, and, therefore, it consists in a potential reservoir of nutrients for the plants (Paul & Clark, 1996) .
Even though the microbial biomass can be used as an index for evaluation of the impact of soil management practices, other characteristics can be evaluated. Thus, the utilization of labile fractions of organic carbon in the soil, that are simpler to be determined, can be useful in the evaluation of modifications in soil quality, as suggested by some authors (Liang et al., 1998; Sparling et al., 1998) . Water soluble carbon, for example, is made up of easily degradable compounds, which show strong correlation with microbial carbon (Liang et al., 1996; Liang et al., 1998) . Duda et al. (1999) utilized water soluble carbon and other fractions of organic carbon such as the carbon in saline solution, mineralizable carbon and light organic matter, for characterizing degraded areas, and concluded that these fractions were useful to distinguish degraded from non-degraded areas.
Some reports have stressed the edaphic and climatic adaptability and productivity of ground cover plants (Dalcomo, 1997) . Others evaluate the production of plant mass, speed of covering, and competitiveness of the cover plant relative to the economic crop (Guerra & Teixeira, 1997; Perin et al., 1998; Espíndola et al., 1998a) . However, the impact on the microbial compartment and carbon fractions in the soil has been so far overlooked.
Thus, the objective of this paper was to evaluate the effect of different perennial herbaceous legume species, submitted to phosphate fertilization, on C, N and P of the microbial biomass and organic carbon fractions of an Argisol.
MATERIAL AND METHODS
Field soil samples were collected in February, 1995, in Seropédica-RJ, Brazil (22°45´S, 43°41´; altitude 33 m). The soil was classified as a Typic Afisol, having the following chemical characteristics: pH in water (5.6); P (2.0 mg kg ). The experiment was divided into two assays, using as a reference the original statistical design, in random blocks, organized as a 5 x 4 factorial array, with three replicates. Treatments consisted of five perennial herbaceous legume species: (Calopogonium mucunoides -calopa, Macroptilium atropurpureum -siratro, Pueraria phaseoloides -Kudzu, Stylosanthes guianensis -stylo and Arachis pintoi -forage peanut) and sources and rates of phosphorus (control -no phosphate fertilization; 44 and 88 kg P ha -1 in the form of Araxá rock phosphate and 44 kg ha -1 P in the form of triple superphosphate). After the first cutting of the aerial part of the plants (approximately five months after planting, except for A. pintoi, which was replanted and not cut ten months after installing the experiment) a new factor was introduced, based on splitting the plots, which consisted in maintaining the plots covered, or removing, the residues of the aerial parts of the plants after each cut.
In the first assay, treatments corresponded to the combination of the following factors: live mulch species (A. pintoi and M. atropurpureum), residue management (maintaining covered or removing residues after cutting) and soil collecting depths (0 -2.5; 2.5 -5.0; 5.0 -10.0 and 10.0 -20.0 cm). The soil samples were removed from the experimental units, which were submitted to phosphate fertilization at the rate of 88 kg ha -1 P in the form of Araxá rock phosphate, applied when the experiment was installed. Therefore, the statistical design consisted of random blocks, organized as a 2 x 2 x 4 factorial array, in split-plots, where residue management and sampling depth were, respectively, the subplot and the sub-subplot.
In the second assay, treatments corresponded to the combination of three factors: control -no cover, A. , in the form of Araxá rock phosphate) and residue management (maintenance or removal of residue after each cut). Thus, the design consisted of random blocks organized as a 4x2x2 factorial array in split-plots, where the subplot was formed based on the management of the aerial part residues. Soil sampling was carried out at a depth between 0 and 10 cm.
Soil samples were taken in March and May, 1998, approximately 36 and 38 months after installation of the main experiment, corresponding respectively to assays 1 and 2, which were homogenized to form compound samples, then immediately passed through a 2 mm mesh sieve.
The determination of microbial C, N and P contents in the soil followed the fumigation-extraction principle. Microbial C and N were extracted simultaneously (De-Polli & Guerra, 1999) . The methodology described by Vance et al. (1987) and Tate et al. (1988) was adopted to quantify C, and, for microbial N, the procedure described by Brookes et al. (1985) was employed, using 50 mL K 2 SO 4 0.5 mol L -1 as the extractor for each 20 g of the sample with at actual water content.
The microbial P content was determined according to Brookes et al. (1982) and McLaughlin et al. (1986) , with a modification of the soil:solution ratio (Guerra et al., 1995) . The used extractor was, for each 10 g of soil, 100 mL NaHCO 3 0.5 mol L -1 (pH corrected to 8.5). Part of the filtered extract was submitted to the quantification of total labile P (Ptl), and P was determined as described by Braga & Defelipo (1974) .
Soil microbial C, N and P were calculated based on the differences in the amounts of these elements in the fumigated and non-fumigated extracts, and correction factors were later utilized in relation to the recovery efficiency for each of these elements (De-Polli & Guerra, 1999) . Calculations of soil microbial C, N and P contents were made considering oven dried soil at 105 o C. Some relations between quantified variables were calculated in order to make inferences on the quality of soil organic matter as expressed by the relation microbial C and organic C in the soil (Cm/C), and the efficiency of the microbial biomass in immobilizing C or N (Cm/Nm), as reported by Gama-Rodrigues (1999), or P (Cm/Pm) according to Paul & Clark (1996) .
The total organic carbon was quantified according to EMBRAPA (1997) . The water soluble (Csag) and available (Cdisp) carbon were obtained with the use of water (Mendonça, 1992) and NaHSO 4 0.05 mol L -1 as extractors, respectively (Medeiros & Mendonça, 1994) , using a soil:extractor ratio of 1:2. After agitation and filtration of the extract, both carbon fractions were quantified by colorimetry preconized by Bartlett & Ross (1988) .
The quantification of mineralizable C (Cmin) was made as proposed by Duda et al. (1999) . According to these authors, mineralizable C corresponds to the fraction of C that is rapidly utilized by soil microorganisms, as measured by the evolution of CO 2 in a 15-day period.
In the second assay, in addition to the variables previously quantified, total nitrogen in the soil (N) (Bremner, 1965) and light organic matter (Mol), were determined according to Anderson & Ingran (1989) .
Pol was obtained according to Bowman & Cole (1978) by using 5 g of soil and 100 mL of NaHCO 3 0.5 mol L -1 (pH adjusted to 8.5). Part of the extract was used to quantify total labile P (Ptl) and the other part for inorganic labile P (Pil) as described by Duda (2000) . The quantification of P in the solution was performed according to Braga & Defelipo (1974) . Pol was obtained by the difference between labile Ptl and Pil.
The means of qualitative factors (species, management and phosphorus) were compared by the Tukey test at 5 % and the coefficients of correlation at 5 %. For the first assay, the variable soil depth was submitted to regression analysis when the effect was significant. The criterion utilized for choosing the best model was the significance of the equation parameters and the adjusted coefficient of determination.
RESULTS AND DISCUSSION

Assay 1
Soil depth did not have any effect over the other variables (Table 1 ). Microbial C is quoted as an example, in spite of the fact that some authors report that it decreased with depth (Paul & Clark, 1996; Marchiori Jr & Melo, 1999) .
For variables of which differences were detected there was no uniformity in the type of response. The soil total organic carbon (C) decreased with depth increase (Figure 1 A) , as it is normally observed in most soils.
The variables microbial P and N (Figure 1 Labile Pt (Figure 2 D) decreased with depth for the two evaluated legume species evaluated. For the soil covered with M. atropurpureum the decrease was lower than for the soil covered with A. pintoi. This difference could be due to the fact that A. pintoi has a broader root distribution at soil surface (Perin et al., 1999) while M. atropurpureum has a uniform distribution in depth. Even presenting a more pronounced decrease in labile Pt , A. pintoi had a higher content of this element for all sampled depths, as compared to M. atropurpureum.
The Pol/Ptl ratio increased with depth (Figure 3  A) . Despite the fact that this ratio has been utilized as an index for phosphate fertilization (Guggenberger et al., 1996) , in the present case the observed increase is due to the decrease in Ptl. Since Pol does not change, an increase in the Pol/Ptl ratio occurs. Cm, Nm and Pm -microbial carbon, nitrogen and P; C -Soil organic carbon; Csag -water soluble carbon; Cdisp -available carbon; Cmin -mineralizable carbon; Pil, Pol and Ptl -labile inorganic, organic and total P; Po/Pt -ratio between labile Pol and Ptl; Cm/Nm, Cm/Pm and Cm/C -ratios , respectively, between Cm and Nm, Cm and Pm, and Cm with soil organic C. Significant at 10 % by F test.
Characteristics
Depth (cm) Figure 1 -Variation in total organic carbon (A), microbial P (B) and N (C) with soil depth. * and ° significant, respectively at 5 and 10 %. 
Depth
Ratios Cm/Nm (Figure 3 B) and Cm/Pm (Figure 3 C) increased with soil depth. The increase in these ratios indicates that there is an increase in microorganism efficiency as they immobilize more carbon with the increase in soil depth. Similar results were reported by Paul & Clark (1996) .
The Cm/C ratio is utilized to indicate the capacity of accumulating carbon in the microbial Scientia Agricola, v.60, n.1, p.139-147, Jan./Mar. 2003 biomass relative to the soil total organic C (Sparling, 1992; Gama-Rodrigues, 1997) , and is therefore useful to detect its variations in the soil. In this study, the Cm/ C ratio increased with soil depth (Figure 3 D) . This result could suggest that there is an increase in Cm participation relative to the soil organic C, with its increase in depth. However, this is not true considering that, in the present case, the soil organic carbon decreases in depth, increasing the ratio. Using this ratio is important, but one must consider that this variable is influenced by the content and mineralogy of the clay fraction and by vegetation (Sparling, 1992) . Thus, the application of this index must be restricted to the same soil type, cultivation system (Gregorich et al., 1994) and, according to the results of this research, soil depth.
The effect of species utilized and management of shoot residues was not verified for most analyzed variables. However, the microbial N presented greater content in the soil covered with M. atropurpureum than with A. pintoi (Table 2) . With respect to the management of shoot residues after each cut, the effect was detected only for Nm. In this case, maintaining the residues after the cut lead to a greater value as compared to their removal (Table 3) .
Assay 2
The addition of P in the form of natural phosphate (88 kg ha -1 ), promoted an increase of 29.5 % in microbial P when compared to the treatment without phosphate fertilization (Duda, 2000) . This result indicates that the soil microbial biomass was able to utilize the P added in the form of natural phosphate.
There was an effect of management of the aerial part of the plants on Cm, Nm, Csag, total N, C and the Cm/C ratio. Maintaining the shoot residues, in comparison to their removal, resulted in higher values for the variables mentioned above, (Table 4) .
Maintaining the residues of after each cut was important to sustain a higher microbial activity, conservation of soil organic matter and a better quality Table 2 -Effect of legume species on soil attributes.
Cm, Nm and Pm -microbial carbon, nitrogen and P; C -Soil organic carbon; Csag -water soluble carbon; Cdisp -available carbon; Cmin -mineralizable carbon; Pil, Pol and Ptl -labile inorganic, organic and total P; Po/Pt -ratio between labile Pol and Ptl; Cm/Nm, Cm/Pm and Cm/C -ratios , respectively, between Cm and Nm, Cm and Pm, and Cm with soil organic C. Significant at 10 % by F test. of the material added to the soil, as evidenced previously in many papers (Ocio et al., 1991; Singh & Singh, 1993; Jensen et al., 1997; Goyal et al., 1999) . Considering the cover utilized, the behavior was distinct with regard to Cm, presenting a higher value for A. pintoi and smaller values for the treatment without cover (control), which was not different from P. phaseoloides and M. atropurpureum (Table 5) .
The effect of legumes on the Nm content in the soil was distinct in relation to that observed for Cm. In this case, M. atropurpureum presented the highest value, Table 3 -Effect of management of the aerial part of the plants after cutting on soil attributes.
Cm, Nm and Pm -microbial carbon, nitrogen and P; C -Soil organic carbon; Csag -water soluble carbon; Cdisp -available carbon ; Cmin -mineralizable carbon; Pil, Pol and Ptl -labile inorganic, organic and total P; Po/Pt -ratio between labile Pol and Ptl; Cm/Nm, Cm/ Pm and Cm/C -ratios , respectively, between Cm and Nm, Cm and Pm, and Cm with soil organic C. Significant at 10 % by F test. (Table 5) . Results of residue decomposition rates of A. pintoi, P. phaseoloides and M. atropurpureum, indicate that the first species has a higher decomposition rate than the others (Espíndola et al., 1998b) . Thus, the increase in microbial population, indicated by the greater value of Cm observed for A. pintoi, causes the N contents in the microbial biomass to show a tendency to be smaller, possibly due to the mineralization of N. In the case of M. atropurpureum the opposite occurs since it has a higher resistance to decomposition, the N in the microbial biomass remains for longer time, indicating a higher utilization of N in the soil by the microorganisms.
The Pm content varied with the type of cover, and A. pintoi had the highest value when compared to M. atropurpureum and P. phaseoloides (Table 5) . The presence of a cover caused a reduction in labile Pi regardless of the species (Table 5 ). The highest Pil value was found for the control, followed by A. pintoi, M. atropurpureum and P. phaseoloides, with the smallest values. Pol did not suffer variations as a consequence of plant cover, suggesting that the labile organic compartment is not undergoing depletion, or the Pol synthesis rate is similar to that of mineralization. With respect to labile Pt, the highest values were observed for the control treatment and A. pintoi, and the lowest were observed for the other species. These observations thus justify the higher Pm content observed for the soil without cover (control) and covered with A. pintoi. It is possible that legumes M. atropurpureum and P. phaseoloides possess a higher P absorption capacity than A. pintoi, causing the Ptl and Pm rates, in these treatments, to be lower than in the others. The three perennial herbaceous legume species presented identical Csag values, higher than the treatment without plant cover (Table 5) . With regard to Cdisp, the species standing out were A. pintoi and P. phaseoloides (Table 5 ). For Cmin, however, the soil covered with A. pintoi and M. atropurpureum had the highest values. The species caused distinct effects on carbon compartmentalization. The three evaluated species proved efficient in raising the Csag levels. This is important due to the fact that this fraction of soil total organic C corresponds to a source of energy that is easily available to soil microorganisms, since it is formed essentially of compounds of aliphatic nature (Liang et al., 1996; Liang et al., 1998) .
In the case of Cdisp, since the species behaved distinctly in relation to this fraction, it can be suggested that, somehow, A. pintoi and P. phaseoloides are efficient in both increasing Csag and Cdisp, as compared to M. atropurpureum. Observations relative to the "in situ" decomposition rates for these legumes, under similar edaphic and climatic conditions, denote that A. pintoi has a lower resistance to decomposition as compared to M. atropurpureum (Espíndola et al., 1998b) . Therefore, the greater resistance of M. atropurpureum to decomposition, can make the product of transformation of its residues to be sufficient only to maintain Csag, differently than A. pintoi and P. phaseoloides. For the soil total nitrogen (N), A. pintoi was prominent, since it surpassed M. atropurpureum and P. phaseoloides (Table 5) Table 5 -Effect of legume species on soil attributes.
Means followed by a common letter, between columns, do not differ by Tukey test at 5 %.
The plant cover type did not affect the C total organic content, but the C/N ratio was affected. The soil covered with M. atropurpureum presented the highest C/ N ratio. The other treatments were equivalent among themselves, having the smallest values (Table 5) . Similar behavior was observed for soil pH, with M. atropurpureum being prominent, since it had a pH that was higher than all other treatments. A similar effect was obtained for the actual soil water content (U), M. atropurpureum and P. phaseoloides presenting the greatest values as compared with the control treatment and the soil covered with A. pintoi (Table 5) .
Cm was positively correlated to Pm, labile Pt and labile Po (Table 6) . From the results presented, Cm does not depend on soil organic C, as it seems to be more likely associated to organic compounds produced by the root system. Nm had negative correlations with Ptl and Pil, indicating that these variables inhibit the accumulation of N in the microbial biomass. For Csag, Cmin and C/N the correlation was positive, suggesting that these variables provide a greater immobilization of N in the microbial tissue. The increase in P content in the microbial biomass increased with the increase in Ptl and Pol, and with Mol (Table 6 ).
The effect of soil cover with perennial herbaceous legumes on soil characteristics, notably the microbial and available C, varies according to the type of species that is grown. With respect to management of the aerial part of the plants after each cut, it was observed that the Scientia Agricola, v.60, n.1, p.139-147, Jan./Mar. 2003 practice of removing the residues of legumes, for other purposes, has to be re-evaluated, otherwise there could be a negative interference on the characteristics associated to soil fertility.
CONCLUSIONS
Microbial C did not vary with soil depth for the 20 cm layer. On the other hand, there was a decrease in microbial N and P, water soluble, available, and mineralizable C.
The perennial herbaceous legume species distinctly influenced the variables related to organic carbon in the soil, except for the fraction that is soluble in water. A. pintoi provided an increase in microbial C, as compared to Pueraria phaseoloides and Macroptilium atropurpureum.
Maintaining the aerial part residues of plants after each cut provided increases in microbial C and N, total organic C and N, and fractions of organic C in the soil. Table 6 -Coefficients of correlation between variables in assay 2.
Coefficients of correlation significant at 5%.
